ABSTRACT. Campylobacter species are common bacterial pathogens associated with human gastroenteritis worldwide. In North America, Europe and Japan, campylobacteriosis is one of the leading food-borne bacterial illnesses and the consumption of poultry meats and/or by-products is suspected a major cause of the illness. In this survey, we summarized the research papers describing Campylobacter contamination of retail poultry meats and by-products in various countries of the world. In most of the countries, a majority of retail poultry meats and by-products were contaminated with Campylobacter spp. C. jejuni was usually the dominant Campylobacter species isolated from retail poultry and C. coli was less frequently isolated, although the ratio of C. coli to C. jejuni was considerably different among the countries. However, in Thailand and South Africa, C. coli was the dominant Campylobacter species isolated from retail poultry. A large portion of retail poultry was contaminated with Campylobacter spp. in the world; therefore, further trials are required for finding proper countermeasures and attention should be paid for the sanitary handling of poultry products. KEY WORDS: Campylobacter, chicken, food microbiology, food safety.
The isolation media employed were mainly charcoal cefaperazone deoxycholate agar (CCDA) plates, but Karmali agar plates, which are included in ISO method, or Abeyta-Hunt(-Bark) agar plates, which are included in BAM method, or Preston agar plates were also used in several investigations. Moreover, the detailed conditions for enrichment and isolation culture, the methods for identification, and the initial sample weights for sample preparation differed among investigations. However, these differences in the methods were not considered, although the performance of enrichment and isolation media used to detect Campylobacter spp. was considerably different (5).
Prevalence of Campylobacter spp. in retail poultry meats and by-products: We classified into 5 categories; poultry meats, poultry by-products, frozen poultry meats, frozen poultry by-products, and ground poultry meats (Table 1) . In several investigations, Campylobacter contamination was examined in each part of poultry meats and/or by-products separately, such as breasts, thighs, wings, fillets, gizzards, livers, hearts, etc. However, in a majority of investigations, the portions of poultry meats and by-products examined were not specified or whole poultry carcasses, not poultry portions, were examined. Therefore, we just categorized as poultry meats, including whole poultry carcasses, and byproducts instead of each portion. In our previous review describing the Japanese situation, the prevalence of contamination with Campylobacter spp. were approximately 60% in any portions of raw poultry meats and by-products except for fillets and hearts [73] . The average prevalence was calculated on the basis of either country or area or total.
In poultry meats, most of the countries showed 50% or more in prevalence of Campylobacter contamination, although Estonia and Belgium showed exceedingly lower prevalence (Table 1) . However, the methods employed in the papers concerning Estonia and Belgium (2 papers about Estonia [58, 60] and 1 paper about Belgium [18] ) were common methods; the samples were prepared by homogenizing or rinsing, then cultured in Campylobacter enrichment broth or Preston broth for enrichment, and then subcultured onto CCDA plates for isolation. Hence, at least, the lower prevalence in these countries did not depend on the methods employed. Compared among the areas, Middle and South America and Oceania showed higher prevalence of contamination, although the numbers of the papers were somewhat limited. On the other hand, former Soviet Union & Eastern Europe showed lower prevalence, mainly because exceedingly low prevalence was shown in Estonia. In fact, 74.7% in average prevalence of contamination were shown in this area except Estonia.
Compared to poultry meats, fewer investigations were reported concerning poultry by-products, frozen poultry meats, frozen poultry by-products, and ground poultry meats. Due to less information, these could not be compared on the country-or area-basis. On the average, the prevalence of poultry by-products was relatively higher than poultry meats. Frozen poultry meats and by-products showed lower prevalence compared with poultry meats and by-products, respectively. This can be attributed to the report explaining that frozen conditions damage Campylobacter cells and decrease their viability [6, 50] . The prevalence of Campylobacter contamination in ground poultry meats was lower than that in poultry meats. Campylobacter spp. are microaerobic bacteria and are damaged in the air [22] . Therefore, it is speculated that Campylobacter cells contaminated might be exposed to the air and dead during and after the grinding process, although no references could be found describing the effects of grinding on this bacteria.
Frequency of Campylobacter spp. distribution among the isolates from retail poultry: The frequency of Campylobacter spp. distribution among the isolates from retail poultry in various countries is listed in Table 2 . In most of the countries, C. jejuni was the dominant species isolated from poultry and C. coli was less frequently isolated, although the ratio of C. coli to C. jejuni was considerably different among the countries. Traditionally, hippurate hydrolysis test was used for species identification between C. jejuni and C. coli, but it was reported that this test is not always reliable [63] . In several investigations, molecular biological methods were used for identification instead of the traditional test. For avoiding inaccuracy of hippurate hydrolysis test, only the results of species distribution determined by molecular biological methods are summarized in Table 3 . Although some differences were found between Table 2 and Table 3 , there were still considerable differences of the C. coli/C. jejuni ratio among the countries. Especially in Thailand, C. coli was more frequently isolated from retail poultry meats and by-products compared to C. jejuni, even determined molecular biologically. Meeyam et al. and Padungtod et al. reported that C. coli and C. jejuni were almost comparably prevalent in poultry at farms in Thailand, but via processing plants to markets, the ratio of C. coli to C. jejuni was drastically increasing [40, 52] . They suggested the possibility of transmission of Campylobacter spp. from non-poultry source(s) to poultry, especially at markets. However, it should be noted that C. coli was highly colonized even in poultry at farm level in Thailand compared with other countries, where C. jejuni was the dominant species colonized [16] , although the reasons are not certain.
CONCLUSIONS
In this paper, we surveyed Campylobacter contamination in retail poultry meats and by-products in the world. In most of the countries (both developed and developing countries), in spite of their sanitary conditions, a majority of retail poultry meats and by-products were contaminated with Campylobacter spp. C. jejuni was usually the dominant Campylobacter species isolated, but the ratio of C. coli to C. jejuni varied among the countries. Especially in Thailand and South Africa, C. coli was the dominant Campylobacter species isolated from retail poultry. In the present situation where a proper countermeasure can not be found, although some trials were made in some countries, attention should be paid for the sanitary handling of poultry products. 
